A new approach for the nondestructive discrimination between genuine wild ginsengs and the counterfeit ones by near infrared spectroscopy (NIRS) was developed. Both discriminant analysis and back propagation artificial neural network (BP-ANN) were applied to the model establishment for discrimination. Optimal modeling wavelengths were determined based on the anomalous spectral information of counterfeit samples. Through principal component analysis (PCA) of various wild ginseng samples, genuine and counterfeit, the cumulative percentages of variance of the principal components were obtained, serving as a reference for principal component (PC) factor determination. Discriminant analysis achieved an identification ratio of 88.46%. With samples' truth values as its outputs, a three-layer BP-ANN model was built, which yielded a higher discrimination accuracy of 100%. The overall results sufficiently demonstrate that NIRS combined with BP-ANN classification algorithm performs better on ginseng discrimination than discriminant analysis, and can be used as a rapid and nondestructive method for the detection of counterfeit wild ginsengs in food and pharmaceutical industry.
Introduction
Ginseng (Panax ginseng C.A. Meyer), mainly employed in Asia, North America and Europe, is a well-known herbal medicine for the purpose of improving psychological function, exercise performance, immune function and condition associated with diabetes [1] [2] [3] [4] . The efficacy and quality of ginseng differ greatly according to its growing conditions [2, 5] . Wild ginseng, which grows naturally with a relatively long growing season, is generally acknowledged to have a superior quality [6] . However, wild ginseng is quite rare, and even increasingly endangered, due to high demand for the product in recent years, which has sent the prices soaring. In order to reap fabulous profits, some illegal traders manufacture and sell counterfeit ginsengs. With fibrous roots and rhizome attached, a garden ginseng can have similar appearance to a wild one, which usually has more fibrous roots and longer rhizome [7, 8] . Yet the intrinsic value of a counterfeit ginseng is far below its selling price, which impairs the interests of consumers. What's worse, some chemical compositions of the adhesive used in the counterfeits may be harmful to health, bringing about potential health risks. However, ginseng evaluation is usually performed by visual inspection with human error unavoidable, which calls for specialized a e-mail: fsmfyc@gmail.com knowledge of phytomorphology and ginseng ecology [8] . Thus, a rapid, accurate and nondestructive ginseng discrimination method is necessary for the standardization of ginseng market.
Near infrared spectroscopy (NIRS), as a nondestructive qualitative and quantitative method, has been widely applied in fields of agriculture, food, petroleum, pharmaceutics and chemical industry [9] [10] [11] [12] . It has been successfully used in the analysis of ginseng ingredients and qualities so far. Wang et al. applied NIRS to study on ginseng slices, successfully classified different ginseng samples according to their cultivation areas [13] . Lu et al. analyzed the total contents of saponin and sugar of ginseng powder by NIRS, showing a fine precision of the results obtained, which proved the method efficient for rapid quantitative determination of Chinese ginseng [14, 15] . Wang et al. used a fiber probe to collect sample spectra, nondestructively discriminated red ginseng samples from various adulterations, leading to the conclusion that NIRS method was rapid, accurate and effective for identification and quality control of red ginsengs [16] . Nevertheless, there was barely any report about the nondestructive discrimination between wild ginseng and its counterfeits based on NIRS.
We conducted this study to investigate the feasibility of using NIRS to discriminate between genuine wild ginsengs and the counterfeits made of garden ginsengs.
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Pursuing the best results, we studied on both discriminant analysis and BP-ANN model.
Materials and methods

Instruments and system setup
In this work, all the samples were directly measured by the fiber optic reflectance probe of NICOLET 6700 FT-IR spectrometer (Thermo Electron Co., USA) with an InGaAs detector equipped. Spectra were collected with a resolution of 4 cm −1 and a scan number of 64 over the spectral range 10 000∼4000 cm −1 .
Sample preparation and spectra collection
Wild and garden ginseng samples at different ages were acquired from various cultivation areas of Ji'an and Tonghua, Jilin Province, China at the same time. Counterfeit wild ginseng samples were randomly collected from a ginseng market with all the counterfeit parts identified by experts. The whole authentication procedure strictly adhered to the National Standard of the People's Republic of China (GB/T 18765-2008) [17] . By means of pruning and adhering, the garden ginseng samples were then processed into counterfeit wild ginseng samples [7, 8] . All the wild ginsengs and their counterfeits were measured directly by an optic reflectance fiber at the position of fibrous roots and rhizomes [17] . Altogether 114 spectra were obtained, among which 64 were counterfeit samples while 50 were genuine. The NIR spectra of 114 samples were randomly divided into modeling and prediction sets, each with both genuine and counterfeit samples covered. The former set included 88 samples and the latter contained 26.
Spectral pretreatment
As seen in Figure 1a , the obtained raw spectra contained not only sample information but also background interference and noises, which may lower the robustness of the discrimination model. So it is necessary to have the data preprocessed before model establishment for the sake of a reliable, accurate and stable model. Given their excellent performance in the correction of scatter light [18] , both standard normal variate (SNV) and multiplicative scatter correction (MSC) were attempted in this work, as shown in Figures 1b and 1c . Each technique is a common method which is usually applied to pathlength variation removal and scatter correction. Yet algorithms of SNV and MSC differ somewhat.
Principal component analysis (PCA)
One problem with multivariate data is that the sheer volume makes it difficult to see patterns and relationships [19] . PCA is a technique for reducing the dimensionality of a data set when there is correlation [20] . The idea behind PCA is to find principal components (PCs) which are linear combinations of the original variables describing each specimen [21] . The first PC accounts for most of the variation in the data set. The second PC explains the next largest amount of variation and is independent of the first PC. The PCs are new variables calculated by relevant algorithm to replace the original data. When significant correlation occurs, the number of useful PCs is much less than the number of original variables. The new variables (PCs) are uncorrelated and represent the most common variations to all the data [19, 22] .
In this paper, PCA was applied to reduce the amount of the spectral data. The original set of variables was transformed into a set of orthogonal variables acquired by PCA.
Discriminant analysis
Discriminant analysis is a supervised discrimination method based on minimizing the pooled variance within the material fractions and maximizing the variance between the material fractions simultaneously. By applying the spectral information in the specified regions of an unknown sample spectrum to a stored method model, it is determined which class of standards is most similar to the unknown [23, 24] .
In this work, discriminant analysis was used as a reference method for the discrimination of genuine and counterfeit ginseng samples. A measurement of the Mahalanobis distance between the unknown sample and each reported class was provided.
Back propagation artificial neural network (BP-ANN)
Artificial neural network (ANN) is a sort of large-scale parallelism nonlinear dynamic system consisting of many simple computational units, and back propagation (BP) network is one of the most widely used. Commonly BP network has a number of linked layers of artificial neurons, including input, output and hidden layers [25] . The measured variables are presented to the input layer and are processed, by one or more hidden layers, to produce one or more outputs. Neurons between adjacent layers are interconnected by a weighting factor. BP network layers by training to modify the connections between neurons weights, so the final error could get minimized [26] [27] [28] [29] .
Software
Spectral data preprocessing and discriminant analysis were accomplished in TQ Analyst 8.0 (Thermo Fisher Scientific Inc., USA). PCA analysis and BP-ANN establishment were implemented in Matlab. 
Results and discussion
Modeling wavelengths optimization and principal component analysis
Although a counterfeit wild ginseng is very similar to a genuine one in appearance, the medicinal and nutritional components differ widely, leading to a great difference in the absorption intensity of ginseng spectra. Besides, in most cases a counterfeit wild ginseng is actually a garden ginseng with lots of foreign fibrous roots and rhizome attached manually [7, 8] . Some additives and adhesives are inevitably added to the counterfeits, leading to anomalous spectral information. Figure 2 compares the spectra of both genuine and counterfeit samples. As can be seen, at around 5200 cm −1 , which represents the second overtone of the C=O stretching mode, absorbances differ greatly, as a result of content difference [30] . In regions of 6000∼5500 cm −1 and 4700∼4200 cm −1 , anomalous spectral information is detected due to counterfeiting acts.
On the other hand, by scanning spectral region 10 000∼4000 cm −1 at the resolution of 4 cm −1 , totally 3112 data points for each sample spectrum were obtained. The sheer data volume largely increases the calculation amount, making the analysis rather difficult. In addition, some wave bands may not have the necessary
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The European Physical Journal Applied Physics information on ginseng discrimination, which may lower the precision [9] . Therefore, it is important to have the spectral data compressed and optimized before further analysis. In this study, modeling wavelengths optimization was implemented based on spectral diversities. Wavelength points where spectral information of genuine and counterfeit samples differed greatly were chosen, and totally 654 data points were obtained over spectral region from 6000 cm −1 to 4200 cm −1 , making the discrimination accuracies elevated ( Tabs. 1 and 2) .
The optimized spectral data may to some extent correlate. As shown in Figure 3 , the first three PCs have already covered most of the sample information, while there was an evident part where the sample information overlapped. In order to eliminate the overlap among the spectral data, PCA was applied to reduce data dimensionality, ahead of which standardization was processed to make all variables carry equal weight [27] . An examination of the contribution of the principal component weights gave some indication of the variance relating to each component. Each sample was individually numbered and several PCs were achieved. The weights for the first 10 PCs are shown in Figure 4 .
Results of discriminant analysis
Discriminant analysis was applied in this study to distinguish between genuine and counterfeit ginseng samples. Via a series of attempts, the optimal discrimination model was established using SNV preprocessing over the selected wavelengths, as shown in Table 1 . With the PC factors set to 10, totally 3 were misidentified out of 26 prediction samples, obtaining a discrimination accuracy of 88.46%, as shown in Figure 5 . It is noteworthy that the three misclassified samples were all counterfeits, yet were authenticated by the model. As we analyze, it is probably caused by the complexity of ginseng. The counterfeit wild ginsengs we studied were actually processed of garden ginsengs, whose principal constitutes were similar to the wild ginsengs. Differences of effective ingredient contents may not be significant enough for discriminant analysis to make perfect distinctions.
Results of BP-ANN model
As can be seen in Figure 4 , the first PC weighs for 95.78%, which offers the main contribution. In general, the PCs can be used to replace the original spectra once they have a cumulative percentage of variance up to 85% [21] . In this research, the first two PCs already consist of more than 99% of the whole contribution (Fig. 3) . However, when building the ANN model, optimization process was carried out by trial-and-error procedure. The first two PCs were firstly used as input neurons to get prediction, and the discrimination accuracy ended to be low, so the input number was changed for another try. Through a series of attempts, the first seven PCs achieved the best result, whose cumulative percentage of variance reached 99.99% (Fig. 4) . So the first seven PCs were adopted as the inputs to the BP-ANN model. The NIR spectra of 114 samples were randomly divided into modeling and prediction sets, including 88 and 26 samples, respectively. With these spectral data, a threelayer BP-ANN model was established. The transfer function of the hidden layer was Tangent Sigmoid, an algorithm with an excellent nonlinear mapping ability as well as an outstanding prediction capability. As to the output layer, linear transfer function was applied, thus maintaining the output range. The training function was Levenberg-Marquardt BP Algorithm, with its rapid convergence velocity and high calculation accuracy, which ensured the reliability [31] . With such a structure, the seven PCs as input neurons were arbitrarily connected with three hidden neurons, and to get a definite classification result, the output layer was set to a single node. In addition, the goal error was set to 0.0001, and the iterative times were equal to 1000. After the training, the residual error was 2.5206 × 10 −5 . The spectra of genuine wild ginseng samples were set with the truth value of [1] , while the counterfeits were set to [0] . The discrimination results of 26 samples from the prediction set are shown in Table 3 . As seen, the predicted value is very close to the standard value, and the predicted recognition ratio turns out to be 100% (Tab. 2). Hence, the efficient identification of such cases can be probably achieved by PCA and BP-ANN.
Conclusions
This study presented a rapid and nondestructive approach for the discrimination of genuine and counterfeit wild ginsengs. Both discriminant analysis and BP-ANN were researched, and BP-ANN turned out to show a better discrimination capability. Counterfeit wild ginseng has been a tough problem constantly obsessing the Chinese ginseng market. The overall results sufficiently demonstrate that NIR spectroscopy combined with the model integrating PCA and BP-ANN can be successfully applied in the truth discrimination of wild ginsengs, providing a nondestructive and rapid method for ginseng evaluation.
